INTRODUCTION
:"_he moon has long been a coveted site for an observatory with the astronomers. It offers cold, dark vacuum conditions of interplanetary space combined with the stability of a massive anchor.
Together with the 27-day rotation period of the moon, it allows the astronomer to have long continuous periods of observation under viewing conditions free from atmospheric disturbances and other sources of interference.
However, the moon has been quite inaccessible until this century. Even now, visits to the moon can only be infrequent. Moreover, the payload that can be carried there is limited to about 200 kg.
This implies that telescopes to be stationed on the moon must be extremely lightweight, and able to. function by itself for long periods of time (estimated at 5 years) without on site human 480 KIMA et ul.
do not wear out with use and require no maintenance. For the same reason, they are essentially frictionless, permitting electronic positioning control with exceedingly fine resolution and an extended range of motion.
Besides being cold, the lunar surface is also constantly bombarded by particle radiation from solar flares and the solar wind. These charges up lunar dust particles, causing them to jump sometimes as high as 1 m across the terminator from the light to the dark side. Our bearing is tolerant of such dust storms, since there is a wide gap between the rotor and the stator. One might also be concerned with the effect of such particle radiation on the electromagnetic property of the HTS itself. The crucial electromagnetic property of the HTS material for holding the bearing together is its critical current density. As it turns out, the cumulative effects of 5 years of exposure on the lunar surface can be expected to improve the critical current density slightly [7, 8] , and hence should not constitute an impediment to the performance of the bearing during this time period.
HTS/MAGNET INTERACTION
There has been a long history in the effort t_ exploit magnetic _forces to create noncontact bearings. The implication for magneto-mechanics is that the levitation force on a magnet placed on a piece of HTS material which is then cooled is small, but the stiffness, which stabilizes the position of the magnet, remains appreciable.
The above prediction has been demonstrated by actual experiment. We can construct a magnetic bearing in which active control is replaced by the stabilizing action from a HTS. The HTS is cooled after being assembled into the bearing, and is neither expected nor required to provide any thrust.
This is the essential concept of the hybrid superconductor magnet bearing [4, 5] .
To function as a bearing, a rotor must rotate freely about an axis with respect to a stator, it is important to note that, although the magnetic flux penetrating the volume of the HTS is strongly pinned, this force is not transmitted outside the HTS, and in particular, not to the permanent magnet although they are linked via the magnet flux lines. The analogy xvith a conductor suggests that it is a change in the magnetic field that the HTS responds to. If the magnets on the rotor are azimuthally symmetric about the rotation axis, the rotational motion of the rotor magnets do not incur any change of magnetic field in the HTS. Hence, there will be no drag force against the rotation of the rotor magnets. This has also been directly verified by experiments [11].
In practice, it is often found that the stabilization that the HTS can provide is not quite sufficient to overcome the instability of the magnets. We have employed two approaches to make up for this. One approach enhances the stability with high gradients of the magnetic field "'frozen" into the HTS. This is easy to understand as the converse of the argument in the last paragraph. A higher gradient of the magnetic ticld results in a larger change in the magncuc licld in the superconductor for a given displacement that produces a stronger restoring force.
The other attempts to stabilize the magnet system itself. This can be _lchieved most readily b_ using s._mmetry to balance the instabilities offeach other. For a system t)l rolt)r ;tnd stator magnetls 
FOR LUNAR TELESCOPE
The bearing on the azimuth mount of a lightweight telescope on the moon need sup'port only a very light load, but stability is still essential. On earth, this is achieved by using counterweights, so that the center of gravity of the telescope assembly falls below the pivotal point of support. This entails additional mass to be added to the telescope assembly, which is undesirable for a telescope to be transported to the moon. Our bearing design takes care of this problem by providing an effective counterweight with magnetic forces in t:_e same way that these were utilized to support the weight of the telescope assembly itself. A three-dimensional overview of the bearing is presented in Fig. 1 . A cross-sectional view is shown in Fig. 2 and a schematic of the magnets and HTSs used in the bearing is displayed in Fig. 3 .
As can be visualized from these figures, our bearing design consists of a pair of bearings with opposite thrusts. The bottom bearing provides a downward thrust, and acts as the counterweight.
The top bearing provides the thrust that is the sum of this counterweight and the a,ctual weight of is fully functional, other parts, most notably the drive mechanism itself and _ts ass(_ciated control, must be de,_etoped, and then integrated into the system. What we have shown is that this control motor mechanism that is eventually responsible for tracking stars would have to be able to act within a time frame shorter than 8 ms. The bearing itself can use a shorter height. Horizontal and tilted versions await development, as these would be needed in the altitude or equatorial mounts and lifetime and reliability tests must be performed. We hope that these bearings will find themselves useful and be of service in numerous applications, on the moon, in space as well as on earth.
